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DIESEL mynm systems 



Major Teaching Objective 

To understand the construction and principles of operation of diesel engines 
Suggested Time Allotments 



At School 

Class instruction 30 h ours 

Laboratory experience 24 h ours 

Tvoal at school ^4 h ours 

Occupational experience 0 h ours 

Total for module ^^Jj^hours 

Suggestions for Introducing the Module 

Uhtil recent years farm tractor power has been limited primarily to gasoline 
engines. With improvements in diesel engines and with farming requiring 
heavier power units, diesel engines are fast gaining in popularity for use 
on the farm. 

For this reason, it is highly important for those planning careers in the 
agricultural machinery field to have an understanding of the construction 
and principles of operation of a diesel engine. Also, persons planning for 
employment in the field of agricultural machinery should have a knowledge 
of the economics Involved in diesel engines as compared with gasoline 

GCglZlcS • 

The following technique should be used to create interest in the module: 

Bring before the class both a gasoline and a diesel tractor engine. 

Have students identify on each engine the fuel system, governing 
system, lubricating system, and the cooling system. Baphaslze the 
difference in systems and construction of the two engines. 

Competencies to be Developed 

I. To understand ^at a diesel is and how it works 

Tea^e^^^gar^ion 
Subject Matter Content 



The essential feature of the diesel engine is the compression of 
a charge of air producing a temperature beyond the self-ignition 
point of the fuel, and the subsequent injection of fuel, and in- 
stantaneous ignition of the fuel in this highly coopressc. I hot air. 
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A diesel engine is a machine which produces power by burning 
fuel in a body of air which has been ccn^ressed by a moving piston. 

To understand wiiat a diesel engine is, one must have a knowledge 
of the principles of operation of the engine. Actions that take 
place iriside the engine are referred to as basic actions and occur 
in the following; order: 

1. Air is clravjn into the cylinder. 

2. Air is con^ressed to a high pressure, causing its temp- 
erature to rise. 

3. The fuel is injected into the cylinder in the form: of a 
fine spray. Fuel in the fom of a spray produces a 
"homogeneoas” mixture of fuel and air. 

4 . Ccmbustion occurs immediately after fuel is injected into 
the cylinder because the teoiperature of the air is high 
enbii^, sometimes as high as 1,000 degrees F., to ignite 
the fuel. Combustion produces an e:^anslon of the gaseous 
mixture, which pushes on the piston and causes the engine 
to produce mechanical power. 

3 . Having lost their pressure, the gases are exhausted. 

The diesel Introduces fuel Into its ccad)ustion chamber by 

means of an injector after air alone has been squeezed to about 
one-sixteenth of its original volume by the piston (l6 to 1 com- 
pression ratio). 

The fuel charge is forced into the combustion chamber by the in- 
jector action through a number of tiny holes, each approximately 
.00^ inches in diameter, and at pressures of 10,0CX)-20,(XX) pounds 
per square inch. This produces a fine mist or spray, and the 
atomizing effect aids in vaporizing the fuel and mixing It more 
intimately with the air present. 

At the 16 to 1 compression ratio, compression pressures in the 
diesel combustion chamber reach ^00-800 pounds per square Inch 
with accompanying high temperatures of approximately 1000° F. 

This "heat of cooq>ressiou" spontaneously Ignites the fuel injected. 
The diesel method of Ignition simply utilizes a law of nature - idiea 
air Is compressed. Its temperature rises in proportion to the com- 
pression ratio. The same result may be itotleed to a lesser degree 
^en using a hand air pump to inflate a tire or a basketball. 
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Up and dovn mover lonts of the piston in the cylinder are known 
as strokes. Duruig a stroke one or more events or actions 
occur. The strol:<2S d-?scribed above are known an: 

1. Intake 

2. Compress'. on 

3. Power 

4. Exhaust 



In a "our- stroke-cycle engine one event occurs during each 
stroke and four f:i;rokes are required to con^lete a cycle. In 
a two-stroke-cycJ .(2 engine more than one event occirs during a 
stroke and only tvro strokes are required to complete a cycle. 

Although the outrrard appearance oi’ a diesel tractor may not be 
greatly differen': from that of a gasoline tractor, there are a 
number of differ(;nces in the engine. 

1. Diesel engines do not have ignition systems. 

2. Diesel eii(;ines draw only air into the cylinder on the ' 
intake siiroke. 

3. Diesel eii{;ines use much greater con^)ression ratios. 

4. Diesel engines use less volatile, heavier liquid fuels. 

5. Diesel enj^ines use fuel pumps and injectors instead of 
carbureto]:s . 

6. Diesel engines are heavier than gasoline engines of the 
same size , 



Suggested Teachijij^-Learning Activities 

1. Through "he use of charts, diagrams, and teacher»made 
mockups, Illustrate the up and down movements (strokes) 
in the c;/Linder of both a two-stroke-cycle and a four- 
stroke-c;/cle diesel engine. 

2. Bring a cutaway model of a diesel engine before the class 
and demonistrate the four-stroke cycle. 

3. Bring gas; aline and diesel engines of comparable size 
before tlia class and point out the differences in the 
two engicLss. 
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4. Ifoye students survey their locaX conmunltles to detezmine 
the extent to ifhlch diesel engines are used on farms. 

Suggested Instructional Materials and References 

Instructions! Materials 

1. Charts, diagrams, anfl wcchnps of the stroke action 
in botn types of diesel engines 

2. A cutaway model of a diesel engine 

3. A gasoline engine 

4. A diesel engine 
References 

S*l. Diesel and High Compression Gas Engines^ pp. 1-15. . 

S 2. Engineering Bulletin . No. AD-206, pp. 3-11. 

^KThe symbol T (teachei) or S (student) denotes those 
references designed especially for the teacher or 
for the student. 
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Teacher Preparation 



Subject Matter Content 

In general, the engine structure includes those parts which are 
fixed and have as their main function holding the engine together. 
Its primary job is to support and ke^ in line the moving parts, 
which resist the forces set iq) by the operation of the engine. 

ThA Ap gi nA structure also supports auxiliary systems and provides 
jackets and passages for cooling water, a pump for lubricating oil, 
and a protecting enclosure. 

!Bie two kinds of forces acting on the structure fure; 

1. Firing pressures, which act on the c y l in d e r heads and 
crankshaft bearings 

2. Inertia forces, which are caused by motion of the pistons, 
connecting rods, and crankshaft 
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Fremd designs of diesel engines vezy. since they may be of either 
Tertical design or horizantal design. Vertical fitunes may be of 
the automotive design used for smaller, stationary engines or 
A-Arame design used for large engines. Also the fi'fune mny 
either two-piece or three-piece, depending its desipi, which 
may be determined by its size tise. 

The tvo'pieee vertical frame construction is the most widely 
used. The lower part, or bedplate, of the two-piece frame forms 
the base, sig>parts the main bearings, encloses the lower part of 
the craxihcase and cylinder block. 

Most designs Include aU cylinders in a single blod::; however, 
sene designs cast syllnders individually. 

i^’ames for horizontal engines are constructed very iiucb. like 
those of vertical engines. Thay are usually in ^ o parts. 

Lesistance to wear and cooling is the prime requirement of 
cylinders of diesel engines. To build vp resistance, the cylinder 
Is fitted with a Sxeeve or liner, 'idiich may be eitl;uir the ^'dry" 
or the "wet” type. The main difference between "wst" liner and 
a "dry" liner is that the "dry" liner makes metal -to-metal contact 
with the cylinder casting whi(^ contains the water jacket. The 
"wet" liner does not make metaLl-to -metal contact w:l,th the cylinder 
casting and its outside surfaice is wetted by the cooling water. 
"Wet" cylinder liners are used most commonly in tractor engines. 

Since cylinder heads of diesel engines must be stronger and more 
carefully cooled than gasoline engine cylinder heails, a more 
ccnpllcated structure is required. Thus, many large engines use 
individual cylinder heads. 

S uggested Teeushing -Learning Activities 

1. Show students a dry and wet type sleeve. 

2. Bring a cutaway modal of a diesel engine before the class, 
identify the various parts of the engine sibructure, and 
e3q>laln the function of each part. 

3* Bring before the class two diesel engines, one of the 
vertical design and the other of the horizonteJ. design. 
Explain the differences in the construction of each type 
engine. 
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4. Have each student team draw a diesel engine, identifying 
the following: 

a. Engine design 

b. lype of cooling 

c. 15ype of cylinder sleeves 

d. Humber of structural parts 
Suggested Instructional Materials and Referenc es 

Instructional Materials 

1. Charts of the types of engine desiigns 

2. A cutaway 'Model of a diesel engine 

3. A vertical design and a horizontal design diesel engine 

4. Diesel engines for disassembly 
References 

Diesel- and High«<!ompression Gas Engines < pp. 147-155. 



jjlI. xo understand the function of the running gear its parts 

Te^he^^Mgation 
Subject Matter Content 

The moving parts of the engine that receive the gaseous energy 
produced in the combustion chamber cmd deliver it to the output 
end of the engine in the form of useful power are referred to sus 
the running gear. 

The piston and its rings seal the cylinders -^nd transmit the gaseous 
pressure to the connecting rod. 

The top section of the piston is referred to cus the crown and the 
lower section as the skirt. The shape of the crown is detemined 
by the design of the combustion chamber. 
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Fiaton connection to connecting rods may be according to two 
designs. 

1. Trunk piston^-This design is used in most engines. The 
connecting rod acts directly on the piston. The side 
thrust caused by this design causes the piston to press 
against the cylinder wall, first on one side and then on 
the other, causing considerable wear near the mi.ddle of 
the stroke. 

2. Cross head piston — The connecting rod does not act directly 

on the piston in this design, since the crosshead and 
crosshead (^des prevent this action. (Exaa^le: See 

Diesel and High Compression Gas Engines > page l60. ) 

The advantages of a crosshead are: 

1. Easier lubrication 

2. Uniformly distributed clearance around the piston 

3. Simpler piston construction because the wrist pin and 
its bearings are eliminated 

Even though crosshead designs offer advantages over trunk 
piston design, they are offset by disadvantages . such as added 
weight and hei^t and need for more careful adjustment. 

Piston rings serve several inportant purposes and are classified 
according to the service they perform. 

1. Conpression rings — Usually numbering four to six, they 
are located in the crown of the piston. They serve t^ro 
main purposes. 

a. They seal the space between the piston and the liner. 

b. They transmit heat from the piston to the water- 
cooled cylinder liner. 

2. Seal rings— As the face of the ccnpresaloo ring or the 
cylinder bore wears, the gap at the Joint of the ring 
becomes larger. To reduce coapression losa from leakage 

. throqgli the gap, special seal rings are used. Seal rings 
are also located on the top portion of the pistan^ below 
the compression rings. 



o 



8 



Usually one or ti«o, occasionally three, oil control rings are 
Located, nf ■: the bottcm of the piston skirt. These rings scrape 
off, on tl \ nstrokb > m>st of the lubricating oil spla'shed 
on the cylinder vail by tlie crankshaft and connecting roi, and 
rode over the remaining oil Him on the stroke. 

Oil control rings prevent surplus oil fxcta. being carried into 
the conibustian chamber. This surplus oil is only partially 
consumed. Leaving a carbon deposit. Oil rings also allow suffi- 
cient oil to be carried to the iqiper part of the cylinder liner 
during the iq>stroke to Lubricate the piston surface and the cod- 
presslon rings. 

A connecting link between the ccnmecting rod and the piston is 
known as the wrist pin. There nay be three arrangements of wrist 
pins. 

1. The wrist pin is secured in the piston and the bearing is 
held in the connecrting rod end. 

2. The wrist pin is fastened to the cxmnecting rod and the 
betaring is part of the piston. 

3 « The wrist pin is tree and bears ag&^nst bearings in both 
the piston and the connecting rod. 

Crankshafts deliver force to the transmission and power train as 
a result of the thrust frem the connecting rod. 

Soam crankshafts are designed with c ou n te r w eighs cqpposite the 
crank pins. These relieve the load on the main bearing hy off- 
setting the inertlA farces. 

The purpose of bearings is to support rotating shafts and other 
moving parts and aid in transmitting loads froc one engine part to 
another. 

Bearings reduce the frictiem between the moving surfaces by 
separating then with a film or lubricant and carry away the heat 
produced by unavoidable friction. 

The flyidieel is a heavy lAeel or disk attached to the crankshaft. 
Tfarou^ rotation, the flyidieel acquires Idnetic energy. It stesres 
additional kinetic energy idien it spee^is up, and it gives back that 
energy when it slows down. 
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The main purpose of the flywheel is to reduce the speed 
fluctuations of the crankshaft that are caused by the difference 
in the amount of energy exerted on the piston during the power 
stroke and the compression stroke. 

Single-cylinder engines reciuire larger flyvjheels than multi- 
cylinder engines, because energy variations during a complete 
cycle are greater in single-cylinder engines. 

Suggested Teaching-LearninjT Activities 

1. Bring before the class several types of each kind of 
ring. Explain the advantages and disadvantages of each. 

2. Bring a piston with rings to the class and point out 
the crown, skirt oil rings, conqpression rings, and seal 
rings. 

3. Measure cylinder wear on new and old cylinders. 

4. Using a cutaway moiel of an actual diesel tractor 
engine, demonstrate to the class the function of the 
connecting rods, the wrist pins, the crankshaft, and 
the flywheel. 

5. Have the diesel engine running gear conQ>letely dis- 
assembled. Have students reassemble it and replace 
it in the engine. 

6. At the end of the discussion of the running gear, lay 
out the parts of the running gear and have students 
identifj/^ them. 

Suggested Tnstructional Mgiterials and References 
Instructional Materia].s 

1. Various types and kinds of rings 

2. A piston conpLete with rings for a diesel engine 

3. Two diesel engines, one using cross head pistons 
and the other using truck pistons 

4. A cutaway model of a diesel engine 
^ . Diesel engine running gear parts 
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References 

Diesel and High Compression Gas Engines , pp. 1^6-177. 



To the diesel air intake and exiiaust system 

Teache^^garation 

Sub.ject Matter Content 

The purpose of the air intake and valve systems is to 
charge the cylinder with €dr and remove the products of com- 
bustion (the burned gas). 

In four-cycle engines, separate piston strokes fill and discharge 
the cylinders. The only additional parts needed are valves and 
actuating gear to control the flow of air and exhaust gas. 

In two-cycle engines, fresh air must be forced in to push out the 
esdiaust gas and charge the cylinder. Th. s is the function of the 
scavenging system, 

Ccngionents of the €dr intake and valve systems and their functions 
are: 

1, Valves— Valves control the admission of the air charge 
in four-cycle engines, the discharge of exhaust gases in 
ai 1 four-cycle and many two-cycle engines, the admission 
of fuel in some engines, and the admission of con 5 )ressed 
air for starting many large engines, 

2 , Valve actuating gear— The function of the valve actuating 
gear is to cause and control the opening and closing of 
the intake and exhaust valves. The actuating gear may 
also actuate the fuel inflection valves, the fuel pumps, 
or the air starting valves. 

Valve actuating gear usua].ly consist of: 

a. Camshaft drives 

b. Camshafts 

c. Pusher rods and rockers 
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3» Superchai^ers— The purpose of the supercharger is to 
force more air into the cylinder so that more fuel can 
be burned and the engine output boosted. 

Superchargers are usually either the positive dis- 
placement rotary blower type or the centrifugal blower 
type. 

4. Scavenging systems— In two-cycle engines the pressure 
of the incoming air charge must be used to scavenge or 
push out the exhaust gases during a short period of time 
when the piston is near the bottom of its stroke. 

The three basic methods of supplying the inconing air 
charge at the low pressure needed to accomplish this 
are: 

a. Crankcase scavenging 

b. Power piston scavenging 

c. Pump or blower scavenging 
Suggested Teaching-Learning Activities 

1. Lay out various parts of the air intake system and have 
students attempt to identify them. . 

2. Through the use of pictorial diagrams in wall chart form 
and strip films, demonstrate the various parts of the air 
intake system. 

3* Bring several types of superchargers to class to 

familiarize the students with them and their functions. 

4. Have students disassemble an air system on a diesel engine. 
Have students identify the parts and observe how they 
function in the motor. Included in the system should be 
valves, valve actuating gear, superchargers, scavenging 
systems, camshaft, and drive. 

Suggested Instructional Materials and References 

Instructional Materials 

1. Farts of a diesel air intake and exhaust system 

2. Strip films and charts of the air system in diesel 
motors 



3* Several diesel motors for students to disassemble 
4. A supercharger of each type 
References 

Diesel and High-Compresslon Gas Engines > 178-205. 



V. Tb understand diesel fuel systems 



Teacher^egwrstlon 
Subject Matter Content 

0!he heart of the diesel engine is the fuel injection system. 

The function of the fuel injection system is to deliver fuel to 
the ccmbustion chamber* In doing so it must: 

1. Meter or measure the correct quantity of fuel to be 
injected 

2. Time the fuel injection 

3. Control the rate of fuel injection 

4. Atonizey or break the fuel into fine particles 

5. Properly distribute the fuel in the cosbustion chaodoer 

Most modem diesels use mechanical or solid injection instead 
of the original air injection method. Pumps and spray valves 
are the basic elements of solid injection systesm* Tte three 
mmin clssses of solid injection systems are: 

1. Camoa rail 

2. Individual^^iap 

3. Distributor systems 
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"Diesel Fuel Systenc" 
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Diesel Fi:ls1 System 
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Diagram of a diesel system showing several in-line 

filters and traps for l:.he removal of foreign material 
and moisture from fuel. 



14 



There are two designs of the common rail or header systems. 

1. Cam-operated spray valve design— This design uses a 

supplies high-pressure fSel to the 
common rail connected by tubing to spray valves 
^el nozzles). Ihe spray valves are mechanically 

“d control the meteri^^d 

2. Se^-aetuated apray valve deaifyi-A cam-operated fuel 

“ spring-loaded. nozzle perform the functions 
of the fhel-needJ.e valve. This is the chief difference 
self.*ictuated spray valve design and the cam- 
gyra ted sp ray vtj.ve design. (Example: See Diesel and 
High-Com pression C ^as Engines , p, 210.) - 

injection the pump performs 

the major job. The functJ.ons of the pump are: ^ ^ ^ 

1. To raise the pressure of the fuel 

2. To meter the chai‘ge 

3. To time the injection 

(Exan^ae: See Diesel and. High Compre ssion Cas Rtig<n»», . 

diagram ~ p. 212 . ) > 

S^-^ess“e!“^®°*^°“ ‘'^8*»-Pr«ssuie or 

In this system the fuel is metered at a central point and then 
flMn***^ the ^stributor to each cylinder in the proper 
firing order. (i^as5.1e: See Diesel and Hiah-ComnreL^n oaa 

Enginc£, diagram 4, p. 2.L4, and diagram 5, p- pi^) 

assembly of a diesel engine is the 

trihrei %??? “T?®' '“«« ftom one 

to three. Filters are Uisually referred to as: 



1 . 



First stage (primary or auxiliary) , 
of the water and coarse material 



which removes most 
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First Stags FssI 



1. V«nt Plug 

2. V«nt Plug Wothur 

3* Piltor H«o4 Attumbly 

4. G«tk«t*Bo4y to Hoo4 
S* Gotkot*Elomont Efl4 
6* Flltor Elomont 

7s Sfiop.Rliig 

5. Goskot* Elomont En4 
9. Elomont Lowor Ploto 



Filt^^ Attmibly 

10s Elomont PUto Oil Sool 
11s Spring Woohor 
12s Elomont Tonolon Spring 
13s Flltor Bo«jy AttomUy 
14s Bo4y Oil SonI 

15. Oroln Plug Wothor 

16. Droln Plug 

17. Oil Sool Rotoinor 
Its Contor Bolt 



2. Second stage (intermediate or final if only tuo are 
used), which removes the finer particles and a small 
amount of I'mter 
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"Second Stage Fuel Filter Assembly" 




Second Slog# Fwl Filter Atttmbly 

1. Filttr Heod 3. Filter Base Assembly 

2. Filter Element 4. Element Seal 



3. SChird stage ^ ifhich (if used) removes any remaining smaJJ. 
particles 

Although combustion chambers are not a part of the fuel systenii,, 
they are closely related to it and must be understood to knoir a 
diesel engine fully. 

The entire Job of vaporizing, mixing, and igniting fuel takes 
place inside the cylinder in an extremely short time. In order 
for this Job to be performed properly and efficiently, the 
combustion chamber must be designed for the most efficient per- 
formance possible. 

Successful combustion depends upon: 

1. Fine atomization 

2. High temperature for prompt ignition 

3. High relative velocity between fuel and air particles 

4 . Good mixing of fuel and air particles 
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Oomb'u.s'tloii ohCBubor doslgns vctry &ccordixig bo maAufacbTirors but 
basically csa be groij^ed as: 

1« Open chambers— This design, because It Is simple, is used 
primarily in engines which do not run at high «rv 1 tmnw 
speeds and through a vide speed range. 

2. Special design chambers** Special design chambers cure 
necessary in engines that run at high TnayiTmng speeds and 
through a vide speed range. Because speed changes un* 
balance the correct proportioning of spray. Incomplete 
combustion and a smoky , exhaust result. Specicd design 
chamberp may be grouped in four main classes. 

a. forbulence chambers 

b. Brecombustion or antechambers 
c« Air eells 

d. Energy cells 

Zt is very important that the proper fuel be used in a diesel 
tractor engine. ^ the fuel is not of the proper specification, 
damhge to the engine will result. Manufacturers of diesel engines 
list in the for each machine they make, the 

type of fuel^ to^e used in their engines. She recommendations of 
the mbanfacturer should be followed when selecting diesel fuels. 

Mechanies Ckid mechhhies* helpers should understand all the 
properties of diesel fuel in order to provide long, trouble*free 
operation of the engine. If a diesel engine doesn't operate 
satisfactorily, cheek the fuel properties.' Two standard grades 
of diesel fuel are distilled by manufacturers. 

1. Bumber One Diesel Fuel (Kb. 1*D) 

2. Humber Two Diesel Fuel (Ho. 2*B) 

The following factors fftset the burning of fuel and ultimately 
the efficiency of operation of the diesel engine. 

1. Cetane rating— Cetane rating is a measure of the self* 
ignition and burning qualities of diesel fuel. If a fuel 
has the proper cetane rating for the engine it is to he 
used in it will: 






a. Cause easier starting 



18 



b. Produce less smoke 

c. Reduce fuel knock 

The most satisfactory cetane rating; for diesel engines 
is between 40 and 60. 

2. Volatility of fuel~The volatility of a fuel has reference 
to the ease at which the fuel will change into a vapor or 
gas. 

3. Carbon residue-- Carbon resid.ic is the carbon deposit left 
after all the good qualities in the fi’el have burned. This 
residue forms on all parts of the engine that come in 
contact with it. 

4. Viscosity— The viscosity of the fuel has reference to the 
length of time it takes for a fuel to flow through the 
orifice in the injector nozzle tip. 



a. Most fuels have different viscosity rates because of 
the size of the injector orifice and the size of the 
engines. 

b. Diesel fuels must have more lubricating qualities than 
other fuels because the injector and injector pump are 
lubricated throiigh the fuel. 

c. Proper viscosity provides a better spray pattern. 

5. Sulphur content— The sulphur content has reference to the 
amount of non-combustible materials in the fuel, that, when 
burned, form gasos that mix with water in the cylinder and 
form a corrosive liquid. This corrosion causes the engine 
parts to gum iq> and work improperly. 

6. Ash content— When a fuel bums, a certain amount of non- 
combustible ashes are left in the cylinder. These ashes 
take on the form of an abrasive in the cylinders. 

7* Water and sediment content— Water and sediment can cause 
serious damage to the fuel system of a diesel engine. 

a. It may cause the fuel system parts to rust. 

b. It may interfere with proper injector lubrication. 

c. It may cause plugging of nozzle tips. 




1 ^^ 
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8. Flash poiiit— Fuel fla^ poixit refers to the loiiest 
teaperatore at lAldi the fuel yw^ vill ignite* The 
eoapressioQ ratios of diesel engine syste ms are higgler 
than those for spark ignition systems* This is necessary 
becanse the conpressed air serves to ignite the fuel in 
the conpression chamber. The average conpression ratio 
for diesel tractors is i^proximately l£*3 to 1. 

9* Poor point— Pour point is the point at idiieh the fuel 
oil congeals or solidifies by cooling* If a fuel oil 
does not have the coorrect pour point in cold, weather it 
will not move into or through the injector lines, 
injector, and the injector pump* 

IX). Cloud point— At sone temperature slig^ly above the pour 
point diesel fuel becows cloudy due to the formation of 
wax crystals. The tesoperatnre at idiieh this begins to 
occur is called the cloud point. Since the uex erystaifi 
cause dogging of fuel filters and siqpply lines, and 
since this occurs at teoiperatures above the pour point, 
the cloud point may be an even more important consider- 
ation as a fuel specification than the pour point* The 
doud point also depends on the hydrocarbon composition 
of the fuel. Cloud points usually occur from 8 to 10 
degrees Fahreiiheit above the pour points, but cloud 
points as hl^ as 19 or even 20 degrees above the pour 
points are not uncaanon. 

Suggested Teaching-Learning Activities 

1. Bring a diesel motor before the class. Call attention 
to the fuel system* Disasseznble and discuss the fuel 
system part by part. 

2* Have the class compare the following diesel engine fuel 
systems: 

a. Cam-operated valve design 

b. Self -activated spray valve design 

c. Individual pump system 

d. High-pressure distributor system 

e. Low-pressure distributor system 



3. Have stiidents replace the: fuel filter in several diesel 
engines. Call to their attention the construction of the 
filter and parts associated with it. 

4. Ita,ve students observe the types of combustion chanibers 
mentioned in the content in diesel motors. 

3. Have students disassemble and study the parts of the 
fuel pump. 

6. Bring to the class sevei'al fuel injectors. Have students 
disassemble them and become familiar with the parts of 
each one. 

7* Demonstrate pour and cloud points by heating and cooling 
diesel fuel sang>les in a test tube. 

8. Visit a local agricultural machinery dealership and observe 
calibration testing of fuel pumps. 

9. Have students check injector nozzles for proper spray 
pattern. 

Suggested Instructional Materials and References 



Instructional Haterials 

1. Diesel motors 

2. Fuel filters 

3. Fuel pumps 

4. Fuel injectors 
References 

1. Diesel and High Compression Gas Engines > pp. 206-239* 
S 2. Tractor Fuels and Lubricants > pp. U-l4. 
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VI. To understand the auxiliary systems of a diesel engine 
Subject Matter Content 

ka. understanding of diesel engines is not ccoplete without a 
knowledge of the auxiliary systems. 

Auxiliary systems include: 

1. Governing system 

2. Lubricating system 

3. Cooling system 

The purpose of a governing system is to maintain a constant 
engine speed autonatically even under varying loads. 

The basic principle which makes a governing system work is that 
any change in load immediately causes a change in speed. To 
keep the engine running at a steady speedy the flow of fuel must 
be regulated in such a way that the power developed la just 
equal to that needed at the desired speed. The governor does 
this by noting a change in engine speed and then adjusting the 
rate of fuel flow to meet the needs of the engine to maintain a 
steady speed. 

Governors may be either: 

1. Mechanically operated 

2. Hydraulically ope’^ated 

Governors which are mechanical or hydraulic may vary in design and 
function and may be classed as: 

1. Constant speed 

2. Variable speed 

3. Speed-limiting 

4 . Load-limiting 

3, Pressure-regulating 

6. Torque-converter 

7, Over speed trip 

(Exanq>le: See Diesel and High-Compression Gas Engines } 

diagram 7, p. 278.) 



o 
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An essential system for the operation of an engine is the 
lubricating system. 

Ihe function of the lubricating system is to keep all moving 
parts properly lubricated. To do this, the lubricating system 
must: 

1. Maintain an oil film between the shafts and bearing 
surfaces at the main, crankpin, and wrist pin bearings 

2. Maintain an oil film for the camshaft, valve gear, and 
engine auxiliaries 

3* Provide oil film between the piston and the cylinder wall 

Most diesel engines have a pressure-circulating lubricating 
system. The design of the system varies according to the engine 
size and design. 

The main components and their functions of a typical lubricating 
system are: 

1. Sumps (wet or dry) — The purpose of the sump is oil 
storage. In many designs it is part of the crankcase. 

In other designs the oil storage is outside the engine 
itself and is known as a dry sump. 

2. Main pump— Usually this is mechanically driven and 
forces oil under pressure to the lubricating piping of 
the engine. 

The auxiliary pump is usually driven by an electric motor , It 
lubricates cylinder and bearing surfaces before the engine 
reacdies necessary i^ed and after it is shut down. 

The purpose of the oil strainer is to prevent dirt passing into 
the engine. 

The function of the oil cooler is to maintain the temperature of 
the oil within desired limits. 

Only about one third of the heat energy of the fuel is converted 
into mechanical energy and leaves the engine in the form of brake 
horsepower. Thus, about two-thirds of the heat energy of the 
fuel shows in hot exhaust gases, friction heat, and heat in 
the walls of the ccaibustion chaoiber. 

The purpose of the cooling system is to remove the unwanted heat 
from the engine. 
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Heat Input and Disposal in a Diesel Engine 
(Three-Quarters to Full Load) . 



Thermal Transfer 


BTU per BHP-Hr. 


Per Cent 


Heat input 


7,367 


100*0 


Heat disposal: 


2,544 


34*6 


Useful work 
To cooling water and 


2,194 


29.8 


lubricating oil 


Tb exhaust gases 


2,259 


30*6 


Lost by radiation 


370 


5.0 


Total heat disposal 


7,367 


100*0 



Cooling systems vciry according to engine size and design* Classes 
of cooling systems are; 



1* Open cooling system 
2* Steam systems 
3* By-pass systems 
4* Closed cooling systems 



The closed cooling system is used on diesel engines in the same 
way that it is used on other farm machinery* It uses a water to 
air (radiator) type heat exchanger 
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Suggested Teaching-Learning Activities 

1. Ihrou^ the use of cheurts, pictorial diagrams, and 
cutaways, explain how the governing, lubricating, and 
cool in g systems of a diesel engine function. 

2. Have students disassemble and become acquainted with the 
types of governors mentioned in the content. 

3. Have students trace the lubrication system of a diesel 
tractor. 

4. Through the use of a cutaway model of a diesel engine, 
demonstrate how the lubrication, governing, and cooling 
systems function. 

Suggested Instructional Materials and References 
Instructional Materials 

1. Charts, pictorial diagrams, and cutaways of governing, 
lubricating, and cooling systems 

2. A governor for each student 
3* A diesel motor 

d. A cutaway model of a diesel engine 
References 

Diesel and High-Coiig>ression Gas Engines, pp. 251-375. 



Suggestions for Evaluating Educational Outcomes of the Module 

The educational outcomes of the module should be evaluated according to 
knowledge gained by and attitudinal changes in each student. 

The following criteria should be used: 

1. Student interest in the materials covered in the module 

2. Student participation in class and laboratory activj.ties 

3. Student perfomance at the end of study of the module as ccopared 
with their performance at the beginning 



o 
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Sources of Suggested Jltistnictio at iJ. Materials and References 

1. Antomotive Diesel Engin os, Engineering Bulletin AD 206. Chicago: 
Sxandard Oil Company. 

2. Kates, Edgar J. Diesel and High"»Conrpression Gas Engines, Chicago: 

American Technical Socijjty, 19fa4l Price: $8. 

3 . Moses, Ben D» and Frost , Kenneth. Farm Power, New York: John 

Wiley and Sons, Inc., 1952. 

4. Trantor Fuels and Lubrit^ants , Agricultural Engineering Building. 

Athens, Georgia: Soiithe.m Association of Agricultural Engineering 
and Vocational iigriculture, 1964. Price: $1.20. 
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INSTRUCTOR NOTEt As aoon as you have completed teaching each module, please record 

your reaction on this form and return to the above address. 

1. Instructor's Name 



2. Name of school State 



3. Course outline used: Agriculture Supply — Sales and Service Occupations 

Ornamental Horticulture — Service Occupations 

Agricultural Machinery — Service Occupations 

4. Ncime of module evaluated in this report 

5. To what group (age and/or class description) was this material presented? 



6. How many students: 

a) Were enrolled in class (total) 

b) Participated in studying this module ________ 

c) Participated in a related occupational work 
experience program while you taught this module 

7. Actual time spent 

teaching module: Recommended time if you were 

to teach the module again: 



hours 


Classroom Instruction 


hours 


hours 


Laboratory Experience 


hours 


hours 


Occupational Experience (Average 
time for each student participating) 


hours 


hours 


Total time 


hours 



(RESPOND TO THE FOIXOWING STATEMENTS WITH A CHECK {y/) ALONG THE LINE TO 
INDICATE YOUR BEST ESTIMATE.) 

VERY not 

APPROPRIATE APPROPRIATE 



8. 


The suggested time allotments 
given with this msdule were: 


1 . 


• 


• 


• 


« 


1 


9. 


The suggestions for introducing 
this module were: 


1 


• 


• 


• 


• 


1 


10. 


The suggested coiffietencies to be 
developed were: 


1 


• 


• 


• 


• 


1 


11. 


For your particular class situation, 
the level of subject matter content was: 


\ 


* 


• 


• 


• 


1 


i.2. 


The Suggested Tenching-Learning 
Activities were: 


1. 


• 


• 


• 


« 


1 


13. 


The Suggested Instructional Materials 
and References were: 


1 


• 


• 


• 


• 


1 


14. 


The Suggested Occupational Experiences 
were: 


1 


• 


• 


• 


• 


1 



(OVER) 



k k * 






15. Waa the subject matter content sufficiently detailed to enable you to develop 
the desired degree of competency in the student? Ye s No 
Comments t 



16. Was the subject matter content directly related to the type of occupational 
experience the student received? Ye a Ho 
Comments t 



17. List my subject matter items which should be added or deleted} 



18. List any additional instructional materials and references which you used or 
think appropriates 



19. List any additional Teaching-Learning Activities which you feel were 
particularly successful: 



20. List any additional Occupational Work Experiences you used or feel 
appropriate: 



21. What do you see as the major strength of this module? 



22. What do you see as the major weakness of this module? 



23. Other comments concerning this module: 



(Date) 



(Instructor's Signature) 



(School Address) 
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